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Effect of Chronic Restraint  on Gastrointest inal  Tract Function 
Since astronauts w i l l  be subjected t o  long periods of near immobility, 
there i s  a def in i te  need for  i n f o m t i o n  about the influence of such 
r e s t r a i n t  on gas t ro in tes t ina l  function. 
present research w a s  t o  determine i f  t he  prolonged restraint of 
laboratory animals (the rat) adversely a f f e c t s  absorption of f l u i d  
and electrolytes .  
The objective of the 
The experiments performed may be separated in to  three categories: 
Tne first was t o  determine the  influence of chronic r e s t r a in t  on the 
t ransport  propert ies  o f t h e  rat small in t e s t ine  f o r  e lec t ro ly tes  and 
f lu id ,  both i n  v i t r o  and i n  vivo; the second, t o  determine i f  chronic 
r e s t r a i n t  causes l a t e n t  e f f ec t s  that a r e  manifested by more severe 
acute r e s t r a in t ;  and the th i rd ,  t o  determine i f  the e f f ec t s  of 
chronic r e s t r a i n t  and the known changes i n  function that occur after 
exposure t o  ionizing radiat ion a re  additive.  Data were a l so  obtained 
-- -- 
on the influence of chronic r e s t r a in t  on calcium absorption and 
retent ion,  body, kidney, femur and femur ash weight, and the  his to-  
pathology of the  rat small in tes t ine .  
The r e s u l t s  obtained fram these s tudies  did not demonstrate tha t  
chronic r e s t r a i n t  has a deleterious e f f ec t  e i the r  on i n t e s t i n a l  function 
o r  the suscept ib i l i ty  of ' t he  small in tes t ine  t o  more severe s t r e s s .  
As previously observed,(2) chronic r e s t r a i n t  did depress the  growth 
and, i n  addition, we found that body weight and femur and kidney weights 
were depressed i n  t h e  same proportion. However, bone mineralization, 
as indicated by percent ash t o  whole femur weight, was perhaps t rans ien t ly ,  
bu t  not permanently, affected.  
I. Influence of Chronic 
Male, Charles River 
Re st r a i n t  
s t r a i n  CD 
2 
on R a t  Weight 
rats were confined i n  restraint 
cages (Fig. 1) of the  same design as those used by P fe i f f e r .  (2 1 
The width of each cage was adjusted according t o  the  weights of the  
rats, so t h a t  lateral movement was r e s t r i c t ed  t o  the  cage widths 
shown i n  Table I. 
comfort but severely l imited movement. Control rats were kept i n  
individual cages, a l ternated between the cages for  the rest rained 
rats. 
This space allowed the rats t o  r e s t  i n  apparent 
A l l  rats were a l m d  food and water ad libitum. -
Table I. Cage Widths for  Chronically Restrained R a t s  
R a t  Weight Cage Width 
100-130 g 4.0 cm 
131-182 4.5 
183-238 5.0 
239- 312 59 5 
312-400 6.0 
400- 504 6 .5  
The data  i n  Table I1 show tha t  the  r e s t r a i n t  procedure caused a 
s igni f icant  depression i n  the  growth of a group of  rats restrained 
f o r  10 weeks. Amlysis of weekly weight gains (Table 111) indicated 
t h a t  the  depression i n  growth was most s ign i f icant  during the f i r s t ,  
second, t h i rd ,  sixth and seventh weeks of r e s t r a in t .  Individual 
Length of 
Restraint  
0 days 
4 
ll 
18 
25 
29 
36 
42 
49 
56 
63 
3 
Table 11. Influence of Chronic Restraint  on R a t  Body Weight 
Body Weights* 
Control R a t s  Restrained R a t s  
1-56 - + 2 g 
172 2 3 
214 + 2 
267 - + 4 
315 3 3 
- 
338 2 4 
365 ,+ 5 
392 3 6 
435 2 7 
453 2 7 
415 2 6 
151 t 2 g 
160 - -t 3 
- 
193 - + 2 
246 t 4 - 
284 I- 5 
313 2 5 
- 
336 2 5 
3 5 4 2  7 
370 2 6 
385 2 7 
401 - + 7 
Probabili ty 
of Difference 
9 - 5 0  
>o .01 
11 
11 
1 1  
11 
11 
11 
I1 
11 
11 
Number of Rats 
Control/Restrained 
29/23 
11 
I t  
11 
I I  
25/19 
21/15 
17/11 
I 1  
I I  
I t  
* 
Mean rat weight and standard e r ro r  of mean. 
af'ter the  25th day was due t o  t h e i r  use on experiments. 
The decrease i n  the  number of rats 
4 
Table  111. Influence of Chronic Restraint  on R a t  Weight Gain 
In te rva l  
0-4 days 
4-11 
11- 18 
18-25 
25-29 
29- 36 
36-42 
42-49 
49- 56 
56-63 
Weight Gain" 
Control Rats Restrained Rats 
2 4 + l g  - 
36 2 2 
57 ,+ 3 
42 + 2 
24 + 3 
27 + 2 
26 - + 1 
22 + 1 
20 + 2 
19 + 2 
- 
- 
- 
- 
- 
37 3 3 
29 + 2 
c 
24 + 2 - 
21 + 1 
L 
16 + 2 
c 
15 + 2 - 
16 + 2 - 
Probabili ty 
of Differ e nc e 
>o .01 
x . 2 0  
Q. 50< 
x.05 
x . 0 5  
x.20 
x) .20 
* Mean weight @in and standard error of mean. 
are for  the 17 control  rats and 11 restrained rats kept throughout the 
10 weeks shown i n  Table 11. 
All of the values shown 
5 
weight records indicated t h a t  the lower average weight gain for  the  
restrained rats during the  s i x t h  and seventh weeks was p a r t l y  caused 
by t rans ien t  depressions of weight gain f o r  some of the rest rained 
rats. During these in te rva ls ,  the rats a t e  l i t t l e  and t h e i r  cages 
were d i f f i c u l t  t o  keep clean; requiring more frequent washings and 
s t e r i l i za t ion .  
On two occasions during other experiments, a severe weight loss 
occurred requiring the  autopsy of res t ra ined rats. 
autopsies indicated pulmonary infection and the  other rat had a 
salmonella infection. 
from the other  res t ra ined and control rats i n  that group did not 
indicate  the  presence of pathogenic f lora .  
One of the  two 
Cultures of f eca l  samples obtained d i r ec t ly  
11. In S i t u  Perfusion Measurements -- 
Three s tudies  were performed t o  evaluate the  influence of chronic 
r e s t r a i n t  on f l u i d  and electrolyte  insorption by the  small in tes t ine ,  
i n  s i t u .  
r e s t r a i n t  on i n t e s t i n a l  function was studied by unidirectional pumping 
(1.36 ml/min) of physiological buffer (pulse labeled w i t h  22Na, 36C1, 
45Ca, 3HOH and polyethylene glycol) through the small in tes t ine  of 
anesthetized rats, accanpanied by frequent sampling of the permsate.  
The experimental apparatus and surgical  procedures used have been 
* 
For the first study, the influence of 3 t o  4 weeks chronic -- 
described previously. ( 3 )  
* 
Insorption =movement of t e s t  substance from lumen t o  blood. 
6 
Measurements of insorption were made f o r  s i x  res t ra ined and s i x  
As indicated i n  control  rats during four successive tes t  intervals .  
t h e  experimental design shown i n  Table N, the buffered perfusate 
contained the  radioactive labe ls  only during the  i n i t i a l 1 0  minutes 
of  each t e s t  interval .  The labeled buffer during the  first t e s t  
in te rva l  contained 1 5  mM glucose; during the  second test in t e rva l  was 
glucose-free; during the  t h i r d  t e s t  i n t e rva l  the Na' and C1- concentrations 
were reduced t o  50 mM and 20 mM respectively with mannitol subst i tuted 
f o r  NaC1; and during the f inal  t e s t  in te rva l ,  the  normal media w i t h  
1 5  mM glucose was again used. 
Table IV. Perflrsion Procedure Used for Data Shown i n  Table V. I 
Test In t e rva l  
Conditioning Period 
1 
3 
4 
4 
Y 
Perfisate* 
Normal 
Radioactive, 15  mM glucose 
Normal 
Radioactive, without glucose 
Normal 
Radioactive, 15 mM glucose, Na (50 mM), C 1  (20 mM) 
Normal 
Radioactive, 15 mM glucose 
Normal 
Time 
Minutes 
30 
10 
20 
10 
20 
10 
20 
10 
40 
^Each buffer was 310 m0sm; normal buffer was not radioactive and w a s  glucose-free, 
and mannitol and Na2S04 were subst i tuted f o r  N a C 1  during the  t h i r d  tes t  in te rva l .  
The calcium concentration was 1mM.  
7 
The r e su l t s  of these measurements a re  shown i n  Table V. As shown, 
chronic r e s t r a i n t  had l i t t l e  effect  on insorption. Sodium-22, 36Cl, 
and %OH insorption were depressed by eliminating glucose from the  
perfisate, but t h i s  e f f ec t  was similar for  the rest rained and control  
rats . 
Table V. Effect of Three t o  Four Weeks Restraint  on N a ,  C 1  
and Water Insorption by the R a t  In tes t ine  
Control Rats 
3 6 ~ 1  - 22Na _c_ %OH - Test In te rva l  
22 + 2 1 852 3 47 2 3 - 
2 18 + 6 - 42 + 5 - 83 -I- 4 - 
3 8 4 + 3  - 56 2 5 37 2 3 
22 + 4 48 - + 2 - 
Restrained Rats 
3 6 ~ 1  22>ia 
1 86 - + 3 47: 5 21 2 3 
88 + 2 - 4 
- -%OH - Test i n t e rva l  
2 80 - + 2 37 2 3 14 t 3 
42 + 5 3 
4 
- 62 + 5 
50 3 3 - 
- 84 + 3 
88 + 2 
- 
23 + 4 - 
Each value i s  the mean and standard e r ror  for s i x  rats. 
Insorption values a r e  expressed as the  percent of the perfused 
radioactive l a b e l  tha t  was absorbed. Each rat was fasted one 
day pr io r  t o  the perfusion measurements. 45Ca insorption w a s  
usually l e s s  than 10 percent and variable.  During r e s t r a i n t  the 
average weights of the rest rained rats increased from 3 5 1 t o  376 
grams and for  t he  control rats 354 t o  412 grams. 
a 
In  Table V I  a r e  the  results of  a second study fo r  which glucose- 
22 
f r e e  perfusate labeled w i t h  
f o r  two hours. These r e su l t s ,  l i ke  those i n  the previous study, did 
Na and %OH was passed through the in t e s t ine  
not  show a serious influence on the s t a t e  of absorption from chronic 
r e s t r a i n t .  
Table V I .  Absorption of %OH and 22Na earn  Buffer Infbsed 
Through the  Small I i t e s t ine  I n  S i t u  fo r  Two Hours -- 
%OH 22Na 
Ab sorption Absorption 
Treatment 9 of Administered Dose 3 of Administered Dose 
Control 71  42 
67 34 
- 68 - 34 
69 38 Average 
S-veeks f ies tmint  
62 
66 
67 
66 
60 
Average 64 
-
30 
35 
38 
38 
36 
- 29 
34 
Because of the limited, i f  any, e f f ec t  from chronic r e s t r a i n t  
during the i n i t i a l  i n  s i t u  perfusion studies, another experiment w a s  -- 
9 
performed t o  determine i f  chronic r e s t r a i n t  causes l a t e n t  e f f ec t s  on 
the rat s m a l l  i n t e s t ine  tha t  would become evident when a second s t r e s s  
m s  superimposed upon the first. The second stress condition used 
w a s  t o  fast the rats f o r  two days followed by severe r e s t r a i n t .  The 
rats were bound t i g h t l y  w i t h  surgical  gauze f o r  four hours preceding 
perfusion. 
res t ra ined  (5-7 weeks) rats. 
rest rained groups were subjected t o  acute r e s t r a i n t  and then perfised 
as before w i t h  the  exception t h a t  labeled buffer was infused during 
the i n i t i a l  15  minutes of each t e s t  in te rva l .  
Measurements were made on 12 control  and I 2  cnronically 
Half of t ne  rats i n  both the control  and 
Mannitolbuffer  w a s  
not used. The procedure used i s  shown i n  Table VII. 
Table V I I .  Perfusion Procedure Used f o r  
Data Shown i n  Tables V I 1 1  and IX 
Test In t e rva l  Per fisate* 
Time 
Minutes 
Conditioning Period N o m 1  30 
1 Radioactive, 1 5  mM glucose 1 5  
1 Normal 20 
2 
2 
3 
3 
Radioactive, without glucose 1 5  
Normal 20 
Radioactive, 1 5  mM glucose 1-5 
Normal 40 
* Each buffer was 31-0 m0sm; normal buffer  was not radioactive aLid 
was glucose-free. 
chronically res t ra ined rats increased from 151 t o  284 g r a m s  and 
f o r  t ne  control  rats f rom 156 t o  315 grams. 
During r e s t r a i n t  the average weights of the 
10 
The r e su l t s  (Table V I I I )  obtained fo r  rats that had been restrained 
5-7 weeks and unrestrained control rats were comparable, and similar 
t o  the r e su l t s  obtained during the f i r s t  study. Sodium, chloride and 
tr i t iated water insorption were s ignif icant ly  depressed i n  t he  absence 
of glucose. 
Test In te rva l  
1 
2 
3 
Table V I I I .  Effect  of  Five t o  Seven Weeks Restraint  on Na,  C 1  
and Water Insorption by the R a t  Small In tes t ine  
Control Rats 
%OH - 22Na 3 6 ~ 1  
29 + 2 83 f 3 50 3 3 - 
77 : 1 - 
49 2 3 - 
- 
17 + 4 - 40 + 2 
25 + 4 84 + 2 - 
Chronically Re s t ra ined R a t s  
22Na 3% 1 
26 + 2 1 83 - + 1 50 3 3 - 
19 + 2 
24 I- 2 3 83 2 1 45 3 2 - 
-- ~ H O H  -Test In te rva l  
- 41 + 2 - 81 + 2 - 2 
The values for  the  f i r s t  and th i rd  t e s t  in te rva ls  a r e  the means 
and t h e i r  standard error for s i x  rats; and for the second t e s t  
in te rva l ,  f i ve  rats. Insorption values a re  expressed as the 
percent of the  p e r m e d  rad imct ive  label that was absorbed. 
45Ca insorption was about 10 percent and variable.  
11 
As shown i n  Table IX, acute r e s t r a in t  did not cause a s igni f icant  
difference i n  the  i n i t i a l  insorption values fo r  the  chronically 
res t ra ined and control  rats. However, use of t h e  glucose-free media 
during the second t e s t  in te rva l  d id  not cause a s ignif icant  depression 
i n  the  insorption of 22Na, 3 6 C l  and %OH. 
wem not appreciable the requirement for  glucose was  more evident 
Although the differences 
i n  the chronically res t ra ined rat than the control.  The insorption 
values fo r  =Na, 36Cl and %OH from the glucose-free media f o r  the  
rats subjected t o  acute r e s t r a in t ,  i n  addition t o  chronic r e s t r a i n t ,  
(Table IX), were not s ignif icant ly  greater  than  those for the  control  
rats run i n  that experiment. Both r e su l t s  were somewhat higher than 
the  data  shown i n  Table V I I I .  
Table IX. Effects of Five t o  Seven Weeks Chronic Restraint  
Plus Acute Restraint  Stress  on Na,  C 1  and Water Insorption by 
the R a t  Smll In tes t ine  
Control Rats 
Test In te rva l  
1 
%OH - 22Na - 
27 + 2 - 52 + 2 - 87 + 2 - 
24 -t 2 - 46 + 2 - 85 + 2 - 2 
3 26 + 2 87 - + 2 52 2 3 - 
Chron icam Restrained Rats 
36~1. 
26 + 4 1 85 2 3 53 2 4 - 
2 03 3 3 51 2 3 27 2 3 
25 + 2 3 8 4 + 2  - 52 2 3 - 
-22Na - %OH - Test In te rva l  
The values for the first and t h i r d  t e s t  in te rva ls  a re  
the  means and t h e i r  standard e r ro r  for  s i x  rats, and 
for  the second t e s t  in te rva l ,  f i ve  rats. Insorption 
values a re  expressed as the  per cent of the perfused 
radioactive labe l  that was absorbed. 45Ca insorption 
w a s  about 10 per cent and variable.  
111. In  Vitro Studies -- 
It was apparent from the i n  s i t u  per f i s ion  measurements t h a t  
-7
e f fec t s  on the net absorptive s t a t e  of t he  small in tes t ine  from chronic 
r e s t r a i n t  were neither large nor l i k e l y  t o  be demonstrated by fur ther  
s tudies  of t h i s  kind. Therefore, i n  v i t r o  s tudies  were performed t o  -- 
eva lwte  the e f f ec t s  of  chronic r e s t r a i n t  on the  b ioe lec t r ic  and 
t ransport  properties of specif ic  anatomical regions of the  small 
i n t e s t i n e .  I n  v i t r o  procedures allow measurement of the  a b i l i t y  of  -- 
specif ic  anatomical regions t o  act ively t ransport  e lec t ro ly tes  together 
with evaluation of the passive transport  charac te r i s t ics  of the in tes t ine .  
Voltage measurements a r e  dependent upon the  permeability charac te r i s t ics ,  
ac t ive  ion and sugar transport  and enzyme a c t i v i t i e s  i n  the in tes t ine .  
The i n  v i t r o  techniques used fo r  this study have been described 
previously. 
-- 
(4) 
For the  first study, voltage measurements were made fo r  i n t e s t i n a l  
segments from f ive  rats subjected t o  chronic r e s t r a i n t  f o r  two weeks 
and f ive  control  rats. A l l  of the rats were ftzsted one day and t i e n  
f e d  two hours before the measurements. Although the r e su l t s  demonstrated 
differences between d i f fe ren t  anatomical regions of the in tes t ine ,  there  
was not a s ignif icant  e f f ec t  on the b ioe lec t r ic  po ten t ia l  measurements 
f’rom chronic r e s t r a in t .  
i n  Figure 2. 
The major r e s u l t s  from t h i s  study a re  shown 
IV. Calcium Absorption and Retention 
Calcium-45 absorption by r a t s  perfused i n  s i t u  was low (about -- 
10 percent) and t h a t  function was not s ign i f icant ly  a l te red  by r e s t r a in t .  
Because of the importance of possible e f f ec t s  of  r e s t r a i n t  on mineral 
metabolism, a study was performed t o  d i r ec t ly  determine i f  chronic 
r e s t r a i n t  a l t e r s  the  absorption and retent ion of 45Ca by non-anesthetized 
rats. 
S ix  rats following s i x  weeks r e s t r a i n t  and s i x  control rats 
were administered 45Ca i n  1 - m l  buffer by gavage, k i l l ed  24 hours l a t e r  
and the radioact ivi ty  i n  t h e i r  femurs determined. Another I 2  rats 
restrained for  12 weeks and I 2  control rats were administered the  
45Ca, s i x  by gavage and s i x  by intraperi toneal  inject ion.  
were held fo r  one week before sacr i f ice  so t h a t  the absorption and 
ea r ly  re tent ion of the  45Ca could be established by comparing the 
45Ca content of the  femurs. 
These rats 
The r e su l t s  of th i s  study are summarized i n  Table X. Although 
45Ca re tent ion by the restrained rats wds s l igh t ly  lower following 
gavage administration, t h i s  e f fec t  w a s  neither l m g e  nor s ignif icant .  
Retention of 45Ca following intraperi toneal  administration w a s  the  
14 
same for  the rest rained and control rats. The 12 week r e s t r a i n t  
period caused a s igni f icant  depression i n  both body and femur ash 
weight. 
both the femur ash and kidney weights were depressed i n  the  same 
proportion as the body weights. However, as indicated by the percent 
femur ash weights, f e r n  mineralization was not affected by the I 2  week 
r e s t r a i n t  period. 
Although the  difference i n  kidney weights w a s  not s ignif icant ,  
The number of animals i n  the group of rats that had been restrained 
fo r  s i x  weeks was insuf f ic ien t  for  the depression i n  t h e i r  body, femur 
ash and kidney weights t o  be s ignif icant .  
these data was the ,  although small, signif icant  depression i n  percent 
femur ash for  the rest rained rats. The reason fo r  the significance 
o f  t h i s  small difference was tha t  t he  variance of the  data was reduced 
by dividing the  femur ash weights f o r  the individual rats by t h e i r  
whole femur weights. 
cause a depression i n  bone mineralization t h a t  is  corrected during 
Later growth of the rats. 
a l t e r ed  by r e s t r a i n t ,  even when both chronic and acute r e s t r a i n t  
procedures were applied, Table X I .  
A surprising feature of 
These r e su l t s  indicate  that r e s t r a i n t  may i n i t i a l l y  
Blood calcium appeared not t o  be s ign i f icant ly  
V. Combined Effects  of Restraint  and X-Rays 
The r e s u l t s  of the i n i t i a l  voltage measurements indicated t iat  
i n  v i t r o  t ransport  measurements, l i k e  the i n  s i t u  perfusion studies,  
would not show a n  e f f ec t  on i n t e s t ina l  function from chronic r e s t r a i n t  
-- -- 
Table X. Influence of Chronic Restraint on 45Ca, Uptake and 
Retention by the R a t  Femur 
12 Weeks Restraint 
45Ca i n  femurs (CPM) one week a f t e r  gavage o r  intraperitoneal (I .P.  ) 
administration. 
Rats* Probability of 
Control Restrained Difference 
4 5 ~ a  (gavage) 5,400 - + 400 4,600 - + 300 x. 50 
4 5 ~ a  (I.P. 10,300 - + 300 10,300 - + 200 0.50< 
Femur ash w t .  (g) 0.47 - + 0.01 0.41 - + 0.01 >O.Ol 
$ Femur ash 40 - + 0.5 40 - + 0.7 0.50< 
Kidney w t .  (g) 1.56 L + 0.04 1.44 - + 0.04 x . 2 0  
Body w t .  (g)  467 - + 8 - 420 + 8 x.01 
6 Weeks Restraint 
'5Ca i n  femurs (CPM) 24 hours after gavage administration 
45ca (gavage) 
Femur ash w t .  ,& 
'$ Femur ash (g)  
Kidney w t .  (g) 
Body * *  (g) 
Rats Probability of 
Control Restrained Difference 
6,700 - + 400 6,300 - + 1,100 w.50 
0.35 + 0.01 0 . 5 ~  0.38 - + 0.02 -
40 + 0.6 x.01 43 2 0.8 -
1.42 - + 0.10 1.27 - + 0.03 >o 50 
394 2 13 359 2 23 0 . 5 ~  
Degrees of 
Freedom 
7 
9 
22 
22 
22 
22 
Degrees of 
Freedom 
8 
10 
10 
10 
LO 
* 
The values shown are  the means and their standard error.  
of freedom from 10 t o  7, 9 and d respectively for 45Ca retention was due t o  
loss  of some of the 45Ca during i t s  administration. 
The loss  of degrees 
16 
Table X I .  Influence of Five t o  Seven Weeks Chronic Restraint  and 
Chronic Restraint  Plus Acute Restraint  on Blood Calcium 
Condition Blood Calcium Probabili ty Degrees of 
ug/ml. of Difference Freedom 
Control Rats Restrained Rats 
10 
10 
22 
82 + 2 0 . 5 ~  
82 + 2 0.50< 
81  + 2 a. 50 
- a5 + 2 
80 -t- 3 
& + 2  
- Chronic Restraint  
Chronic Plus Acute Restraint  
Acute r e s t r a i n t  
- - 
- * - 
For testing the acute r e s t r a in t  e f f ec t ,  data for the control  and chronically restrained 
ratsthat were not subjected t o  acute r e s t r a in t ,  a d  the  control  and chronically res t ra ined 
rats t h a t  were subjected t o  acute r e s t r a in t  were pooled. 
and t h e i r  standard errors .  
I 
The values shown are the means 
alone. 
study had been suf f ic ien t  t o  suggest that i n  combination with another 
stress, chronic r e s t r a in t  might prove t o  have a deleterious e f f ec t  on 
the fbnction of the small in tes t ine .  
in tes t ine  t o  ionizing radiat ion is  subject t o  a number of factors ,  of 
which the r a t e  of c e l l  turnover is one of the  most important. 
from r e s t r a i n t  such as a l t e r ed  i n t e s t i n a l m o t i l i t y ,  changes i n  the 
d is t r ibu t ion  of f lo ra  and i n  the  enzyme secretions could change t h e  
r a t e  of turnover i n  the  i n t e s t i n a l  mucosa without causing a s ignif icant  
functional difference. Therefore, it was decided t o  i r r ad ia t e  the 
i c t e s t ine  with a dose near but beneath the l e v e l  t h a t  w i l l  cause death 
from i n t e s t i n a l  damage; but has been demonstrated previously not t o  
a l t e r  i n t e s t i n a l  function i n  more than a small percentage of i r rad ia ted  
rats . 
However, the marginal differences observed during the  acute r e s t r a i n t  
The sens i t i v i ty  of the  small 
Conditions 
Fif teen rats were restrained f o r  two t o  three  weeks, fasted one 
day and then administered 600 R abdominal X-irradiation. On the t h i r d  
day a f t e r  i r rad ia t ion  the  rats were sacr i f iced  for i n  v i t ro  measurements 
of the  b ioe lec t r ic  potent ia ls  and 22Na, 36Cl, and %OH t ransport  across 
the d i s t a l  ileum. 
-- 
Measuremnts were a l so  made with 15 control  rats 
t n a t  were i r rad ia ted ,  s i x  control non-irradiated rats and s i x  chronically 
res t ra ined,  non-irradiated rats. Two segments of dis ta l  ileum were used 
*om each rat: and a l l  of the  rats were fasted for  four days p r io r  t o  
1% 
t he  measurements i n  order t o  reduce differences from i r rad ia t ion  induced 
gas t r ic  r e s t r a in t .  The experimental procedures used fo r  radiat ion 
exposure and the i n  v i t ro  measurements are described elsewhere. ( 5 )  
The pertinent r e su l t s  from t h i s  study a re  summarized i n  Table X I I .  
Neither chronic r e s t r a in t  nor pr ior  600 R abdominal X-irradiation had 
a s ignif icant  e f fec t  on the bioelectr ic  potent ia ls  o r  transport  measurements 
f o r  %OH, 22Na, and 36Cl. There i n i t i a l l y  appeared t o  be an e f fec t  on 
the voltage measurements from i r radiat ion,  and t h i s  e f fec t  was s l i g h t l y  
greater for  the chronically restrained than control  rats. However, t he  
differences did not prove t o  be s ignif icant .  These results a re  i n  
accord with previous l i t e r a t u r e  indicating t h a t  f l u i d  and e lec t ro ly te  
absorption are not appreciably a l te red  by 600 R X-irradiation. ( 6 )  
Al though  we have previously shown substant ia l  e f fec ts  on t h e  transport  
and bioelectr ic  properties of isolated ileum a t  higher doses of X-ray, 
the  present results indicate tha t  chronic r e s t r a i n t  did not have an e f f ec t  
t ha t  w a s  addi t ive t o  the effect of a 600 R exposure. 
Histopathological Results 
In t e s t ina l  sections were taken from the rats following the  -- i n  s i t u  
perf’usion s tudies  and p r io r  t o  the i n  v i t r o  t ransport  measurements f o r  
histopathological examination. No e f f ec t s  were observed from the  chronic 
and acute r e s t r a i n t  conditions used. 
X-irradiation the  in t e s t ina l  v i l l i  were w e l l  populated, but the  
i r r ad ia t ed  segments could be distinguished, primarily because of the  
presence of bizarre  nuclei i n  the crypts (Figs. 3, 4, 5, and 6) .  
Three days after 600 R abdominal 
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Discussion 
The r e su l t s  of t h i s  study did not indicate t ha t  chronic r e s t r a i n t  
of body movement had a serious e f fec t  on i n t e s t i n a l  f’unction. The 
absence of a s ignif icant  e f f ec t  on the ileum from combined chronic 
r e s t r a i n t  and 600 R abdominal X-irradiation is  par t icu lar ly  s ignif icant ,  
because most deleterious e f fec ts  would probably a l t e r  the r a t e s  of 
sloughing and renewal of c e l l s  i n  the i n t e s t i n a l  v i l l i .  
(2 1 Both the results obtained by P fe i f f e r  and the present data 
demonstrate that chronic r e s t r a in t  re ta rds  the  growth of rats. 
r e s u l t s  indicate,  however, that the e f f ec t  i s  not a d i r ec t  e f f ec t  on 
the  absorptive c e l l s  of the small in tes t ine  t o  t ransport  the  e s sen t i a l  
nutr ients  studied. It is qui te  probable t h a t  other gas t ro in tes t ina l  
functions such as gas t r ic  emptying, i n t e s t i n a l  moti l i ty ,  o r  defication, 
which a re  more dependent upon associate body movement, a r e  adversely 
a f fec ted  by t h e  lack of exercise. 
that area t o  determine how seriously these f’unctions are affected by 
r e s t r a i n t .  Other studies should a l so  be performed on adrenal and thyroid 
f’unction i n  res t ra ined animls, and on t h e i r  a b i l i t y  t o  withstand cold. 
Infomation of t ha t  nature would have both basic and p rac t i ca l  value. 
These 
Research should be performed i n  
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Figure 1 
Figure 2 
Figure 3 
FIGURE IXGENDG 
Metabolism cages for res t ra ined (A) and control  rats ( B ) .  
Bioelectric po ten t ia l  differences across i so la ted  rat 
in t e s t ine .  
e f f ec t  from the two weeks of  chronic r e s t r a in t ,  data 
from the restrained and control  rats were pooled. 
The values shown axe the averages for  28 je juna l  
(usually 3 segments per rat) ,  20 anter ior  i leal  (2 
segments per rat) and t en  d i s t a l  segments (1 segment 
per rat). 
fed two hours before t i e  experiments were i i i i t i a ted .  
The segments were f irst  placed in to  a normal bicarbonate 
Because of the absence of a s igni f icant  
The rats were fasted one day and then 
buffered 
buffered 
t o  20 mM 
and then 
buffered 
media, then t ransferred t o  a bicarbonate 
media w i t h  the Na concentration reduced 
by choline chloride subs t i tu t ion  for  NaC1,  
t ransferred back t o  the normal bicarbonate 
media. 
4- 
Control Ileum. 
and goblet c e l l s .  The crypts show ac t ive  mitot ic  a c t i v i t y  
and there a re  a normal number of c e l l s  i n  the v i l l u s  core. 
Normal v i l l i  w i t h  i n t ac t  surface epiZhelium 
. 
Figure 4 
Figure 5 
Figure 6 
Chronic Restraint .  No i r rad ia t ion .  The section here 
i s  a t  right angles t o  the cont ro l  Fig. 1 so that the 
lamina propria and core of t he  v i l l u s  do not appear t o  
be as wide. The surface e p i t h e l i a l  c e l l s ,  nowever, show 
no changes and the crypts a re  of normal height and show 
ac t ive  mitotic division. 
Three days a f t e r  600 R abdominal i r rad ia t ion .  
r e s t r a i n t .  
of surface ep i the l i a l  c e l l s  and t h e i r  nuclei a r e  
increased i n  size.  
patterr, w i t h  some beirg pykmotic. 
cytoplasmic vacuolization and the  contents o f  the goblet 
c e l l s  a r e  tense and bulging. 
a r e  hyperchromatic but mitotic a c t i v i t y  can be seen near 
the base of the crypts and no crypt d i l a t a t ion  i s  present. 
No 
There is  a marked reduction i n  the number 
They have a coarse nuclear chromatin 
The c e l l s  show some 
I n  the crypts the  c e l l s  
600 R abdominal i r rad ia t ion  plus chronic restraint. 
The changes here are similar t o  those i n  Fig. 3. 
i r r ad ia t ion  e f fec ts  a r e  perhaps be t t e r  i l l u s t r a t e d  here 
ye t  ac t ive  mitotic division can be seen i n  the  crypts. 
The 
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